The purpose of this study was to investigate the hypothesis that circulation via collateral vessels to an infarct-related artery (IRA) is impaired with aging in patients with acute myocardial infarction (AMI). BACKGROUND Animal experiments have shown that advanced age blunts the development of new vessels in response to angiogenic cytokines.
It is estimated that collateral circulation to infarct-related artery (IRA) is present in almost 40% of patients with acute myocardial infarction (AMI) in the acute phase (1, 2) . Collateral circulations exert beneficial effects by increasing myocardial salvage (3) (4) (5) and preventing ventricular remodeling (6) , thereby improving in-hospital prognosis (7) .
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Although all aspects of the mechanisms underlying the development of coronary collateral circulation are not wellestablished, circulation in collateral arteries may be not a simple process of passive dilation of pre-existing collateral channels. Because collateral circulation to an IRA is enhanced with preinfarction angina (8) , it has been suggested that they are not only functionally new arteries originating from a pre-existing arteriole, but also are associated with active proliferation and remodeling by growth of preexisting arteriolar connections into true collateral arteries (9) .
Recently, in vivo animal experiments have shown that advanced age blunts angiogenesis and endothelial function, thus impairing the development of new collateral circulation (10) . Furthermore, ischemic preconditioning (11, 12 ) is impaired in elderly AMI patients, and vulnerability to myocardial ischemia is increased in the aged heart, which suggests that there is less tolerance against ischemia in the aging heart. If this is the case in the aging heart, the presence of collaterals to the IRA may play a critical role in elderly patients with AMI, and therefore would be a powerful independent predictor of in-hospital mortality rate. In this study, we examined whether advanced age impairs the development of collateral circulation to the IRA, and whether the absence of collateral circulation to the IRA is a determinant of poor in-hospital prognosis in elderly patients with AMI.
METHODS
Patients. The patients included in this study were selected from a total of 3,573 consecutive patients registered in the Osaka Acute Coronary Insufficiency Study (OACIS) from April 1998 to May 2002. A detailed description of this study has been published elsewhere (13) (14) (15) . Briefly, all patients presenting within one week after the onset of AMI were prospectively registered, immediately after the diagnosis of AMI, defined by the presence of typical clinical symptoms, electrocardiographic findings, and release of cardiac enzymes. Patients who fulfilled the following criteria were selected as candidates for the present study: 1) coronary angiograms were obtained within 72 h after the onset of AMI; and 2) the IRA showed complete occlusion. Finally, a total of 1,934 patients met inclusion criteria and constituted the study population. This study was approved by the ethics review committee of each participating hospital. Definitions. Diabetes mellitus was defined as a fasting plasma glucose concentration Ն126 mg/dl or the use of antidiabetic therapy. Hypertension was defined as a history of a systolic blood pressure Ն140 mm Hg, a diastolic blood pressure Ն90 mm Hg, or the use of antihypertensive therapy. Hyperlipidemia was defined as a fasting total cholesterol concentration Ն220 mg/dl, a fasting triglyceride concentration Ն150 mg/dl, or the use of antihyperlipidemic therapy. Preinfarction angina was defined as the presence of typical chest pain within 72 h before the onset of AMI. A history of angina pectoris was defined as documented symptomatic coronary artery disease or typical chest pain occurring at least one month before AMI onset. Success of angioplasty was defined as achieving Thrombolysis In Myocardial Infarction (TIMI) flow grade 3. Data collection and quality control. Research cardiologists and specialized research nurses recorded data concerning sociodemographic variables, medical history, therapeutic procedures, and clinical events during the patient's stay in the hospital. Information was obtained by hospital medical records, by direct interview with the patient and his or her family, and by interviewing the treating physician. When written informed consent for entering the OACIS was obtained from patients, all in-hospital data were transmitted to a central data collection center located in the Department of Internal Medicine and Therapeutics at Osaka University Graduate School of Medicine for processing and analysis.
Collaborating hospitals were encouraged to enter consecutive patients with AMI irrespective of treatment strategy and outcome. The OACIS included a university hospital, tertiary care centers, and smaller hospitals. Before initiation of this study, a research cardiologist and specialized research nurse at each site received a training manual that explained how to complete the case report form, defined each variable, and provided examples of correct responses. Double-key entry was used by the central data collection center to add each case report form to the database. Audits were performed electronically to detect out-of-range variables, inconsistencies, errors, and omissions. Queries were then telephoned to the local research cardiologists and specialized research nurses for resolution. Coronary angiography and collateral evaluation. We assessed the degree of collateral circulation to the IRA at the time of emergent catheterization. Three patients whose angiograms were inadequate for assessing the collateral circulation to the IRA were excluded from the present study. The degree of stenosis was scored according to the American Heart Association guidelines (16) . Vessels with Ͼ75% stenosis were classified as having significant stenosis. The degree of perfusion of the IRA was determined according to the TIMI criteria, and total occlusion was defined as TIMI flow grade 0 or 1. Collateral circulation was graded by using a semiquantitative scale from 0 to 3, depending on the angiographic findings of the occluded artery using the best injection (17): 0 ϭ no collateral circulation; 1 ϭ collateral filling of side branches without visualization of any epicardial segments; 2 ϭ collateral partially filling the epicardial segment; 3 ϭ collateral completely filling the epicardial segment. Grades 1 to 3 were defined as the presence of collateral circulation to the IRA. Coronary angiograms were assessed in a blinded manner by two observers who reached a consensus in most cases. When there was disagreement, the difference was adjusted by a third independent doctor. Statistical analysis. Patients were arbitrarily divided into four age groups: Ͻ50 years, 50 to 59 years, 60 to 69 years, and Ն70 years. We compared the prevalence of collaterals among age groups using a chi-square test. Statistical comparisons of baseline, procedural and outcome variables between subgroups were performed using the chi-square statistic for categorical variables, and Student unpaired t test and analysis of variance for continuous variables. Age and time to catheterization are expressed as the mean Ϯ SD. Univariate and multivariate logistic regression was used to assess the relationship between clinical background variables, angiographic findings and the presence of collateral circulation, and between clinical factors and in-hospital mortality. Variables incorporated into our analysis included characteristics previously identified as factors of well-known prognostic importance and coronary risk factors. These variables included Killip class Ն2, final TIMI flow grade 3, diabetes mellitus, number of diseased vessels, history of myocardial infarction (MI), age, absence of collaterals, Kurotobi et al. July 7, 2004:28-34 Aging Impairs Development of Collateral Vessels hypertension, hyperlipidemia, and smoking. Odds ratios (OR) were expressed together with 95% confidence intervals (CI). Wald's chi-square value was determined for inhospital mortality by multivariate analysis. Analyses of data were performed using statistical software (SPSS 10.0, SPSS Japan Inc., Tokyo, Japan). Results were considered significant at p Ͻ 0.05.
RESULTS
Factors contributing to the prevalence of collateral vessels. Baseline characteristics and the angiographic findings in patients with or without collaterals are summarized in 1.49; 95% CI, 1.12 to 1.99), and preinfarction angina (OR, 1.35; 95% CI, 1.10 to 1.66) were independent contributing factors to the development of collaterals to the IRA. Relationship between collateral vessels to the IRA and aging. Figure 2 shows the prevalence of preinfarction angina, history of angina pectoris, and time from onset to catheterization as factors affecting collateral formation in patients below 70 years of age and in patients above 70 years of age. There were no significant differences in preinfarction angina (48.2% vs. 49.2%), history of angina pectoris (29.2% vs. 29.6%), or time to catheterization (9.8 h vs. 10.9 h) between the two groups. Figure 3 shows the prevalence of collaterals to the IRA in patients with preinfarction angina, history of angina pectoris, and earlier time to catheterization (Յ6 h) below 70 and above 70 years of age. The prevalence of collaterals to the IRA was significantly higher below 70 than above 70 years of age in each category (preinfarction angina: 49.2% vs. 36.5%, p ϭ 0.001; history of angina pectoris: 50.5% vs. 38.5%, p ϭ 0.01; time to catheterization: 51.7% vs. 39.0, p ϭ 0.003). The prevalence of collaterals increased with increasing time to catheterization in patients below 70 years of age from 37.7%, 46.6%, 40.0%, 48.0%, 50.8%, to 64.0% who underwent catheterization Ͻ3, 3 to 6, 6 to 12, 12 to 24, 24 to 48, 48 to 72 h after the onset of AMI (p Ͻ 0.001). Similarly, the prevalence of collaterals increased with time in patients above 70 years of age from 28.8%, 29.1%, 30.0%, 25.8%, 39.0%, to 55.9% (p Ͻ 0.001). Furthermore, the prevalence of collaterals was significantly higher in patients below 70 years of age than in those above 70 years of age among any category of the time to catheterization. These results suggest that factors promoting collateral were similarly observed both in patients below 70 years of age and in patients above 70 years of age. However, the collateral-promoting effects of these stimuli seemed to be impaired in patients above 70 years of age. 21 .0) and final TIMI flow grade 3 (OR, 0.29; 95% CI, 0.14 to 0.62; chi-square, 10.3) were independent risk factors for in-hospital mortality. These results suggest that collateral circulation to the IRA has important clinical implications for in-hospital prognosis in patients over 70 years of age. Kurotobi et al. July 7, 2004:28-34 Aging Impairs Development of Collateral Vessels
Factors affecting in-hospital mortality in patients below

DISCUSSION
Our results demonstrate that advanced age is an independent contributing factor for the absence of collateral circulation to the IRA, and that the prevalence of collaterals was decreased in AMI patients over 70 years of age. The absence of collaterals to IRA was an independent risk factor for in-hospital mortality in patients over 70 years of age. Therefore, these findings show the close association between poor collateral circulation to the IRA and poor in-hospital prognosis in elderly AMI patients. Prior clinical studies have not fully addressed the effects of aging on collateral circulation. To the best of our knowledge, this study is the first to demonstrate the importance of collateral circulation in elderly patients with AMI, because impaired collateral circulation to the IRA is related to a poor in-hospital prognosis in elderly patients with AMI. Factors contributing to circulation from collaterals. Factors that may control the presence of collaterals after the onset of AMI have been demonstrated in previous clinical studies. The extent of collateral circulation is affected by the presence of multivessel disease (18) , previous MI (19), preinfarction angina (7), history of angina pectoris (8) , and time from onset to cardiac catheterization (20) . Our results also show that preinfarction angina, history of angina pectoris, and time to cardiac catheterization are significantly associated with a higher prevalence of collateral circulation to the IRA (Tables 1 and 2 ). Moreover, our results show that the prevalence of collaterals is lower in patients above 70 years of age and that advanced age is an independent factor predicting the absence of collateral circulation to the IRA. Previous reports (3, 7, 20) have not determined the association between age and collaterals. This is probably because previous studies have been relatively small in scale, or because fewer elderly patients with AMI were enrolled due to the low rate of cardiac catheterization in this population. The prevalence of collaterals was significantly lower in patients above 70 years of age (Fig. 1) ; therefore, we compared the relation between these factors and the prevalence of collaterals to the IRA in patients below 70 years of age and in patients above 70 years of age. The prevalence of preinfarction angina, history of angina pectoris, and time from onset to catheterization were not different between the patients below 70 years of age and the patients above 70 years of age (Fig. 2) . However, these factors were significantly associated with a higher prevalence of collaterals in patients below 70 years of age than in patients above 70 years of age (Fig. 3) . The rate of increasing collaterals is associated with increasing time to catheterization both patients above and below 70 years of age. These findings seem to suggest that collateral formation to the IRA mediated by these factors is blunted in patients above 70 years of age compared with patients below 70 years of age. Collateral formation is a complex process involving mechanical factors and angiogenic factors, although it is mainly Tables 1 and 2. influenced by endothelial function. Endothelial cell function is compromised with increasing age (21, 22) . Therefore, age-dependent endothelial dysfunction may contribute to impaired collateral development in the setting of myocardial ischemia.
Effect of collateral circulation on in-hospital prognosis.
The presence of collateral circulation improves myocardial salvage (3-5) and prevents ventricular remodeling (6), thereby improving in-hospital prognosis independent of coronary reperfusion therapy (6, 7, (23) (24) (25) (26) . Because the aging heart might be expected to be less tolerant due to impaired biologic responses against myocardial ischemia, we compared the clinical effect of the presence of collateral circulation to the IRA in patients below and above 70 years of age. Killip class Ն2, final TIMI flow grade 3, the presence of diabetes mellitus, and the number of diseased vessels, but not the absence of collaterals, were independent contributing factors for in-hospital mortality in patients below 70 years of age (Table 3) . However, the absence of collaterals was a strong independent contributing factor for in-hospital mortality in addition to Killip class Ն2 and final TIMI flow grade 3 (Table 4) . Cardiogenic shock and life-threatening arrhythmias are more likely to be observed in elderly patients (27) , and, as a result, elderly AMI patients have a poor short-term prognosis (28, 29) . Thus, age is a powerful independent predictor of in-hospital mortality (28) . The present study demonstrates that the absence of collaterals to the IRA is a clinically important factor that predicts in-hospital mortality in elderly patients with AMI. Study limitations. The major limitation of this study is the patients' selection bias. The conclusions of this study are derived from patients with total coronary artery occlusion. Therefore, the significance of collateral circulation is limited to this group of patients. We should not extend our study results to broader populations of patients with AMI. The second limitation is related to the angiographic evaluation of coronary arteries. We evaluated the extent of collateral development using the semiquantitative Rentrop score. Some reports (30, 31) suggest that coronary angiography lacks sufficient sensitivity to evaluate collateral formation. It is certain that angiography cannot detect collateral vessels Ͻ100 m in diameter (6) . Therefore, patients characterized as lacking collateral circulation might have small collaterals. The third limitation of this study is that the mechanisms responsible for poor collateral development in elderly patients with AMI were not clarified. Because the contributing factors for collateral development, prevalence of preinfarction angina, history of angina pectoris, time to catheterization were observed in similar frequencies in elderly patients compared with nonelderly patients, the potential for angiogenesis or reopening of pre-existing collateral channels may be impaired. Conclusions. Advanced age is an independent factor for the presence of collaterals to the IRA, and the absence of collateral circulation to the IRA is an independent risk factor for in-hospital mortality in elderly patients with AMI. Further clinical efforts to improve coronary circulation in elderly patients with AMI, either by coronary intervention or novel angiogenic treatments, are needed. Kurotobi et al. July 7, 2004:28-34 Aging Impairs Development of Collateral Vessels
